Introduction
Cropping practices are shifting to conservation tillage to counter the growing threat of wind and water erosion due to excessive soil disturbances by conventional tillage practices. In addition, reduction in costs of production and the availability of effective herbicides and drill-planters have played a significant part in decision making. Conservation tillage is defined as any tillage systems that maintain at least 30% of the soil surface covered by residues after planting (National Resource Conservation Service). No-till, mulch-till and ridge-till tillage systems meet the residue level requirement, and their practice is currently on the rise both at the state and national level.
Nationally, the proportion of acres under conservation tillage for all crops increased from 25.7% in 1989 to 35.5% in 1995 (Conservation Technology Information Center, 1995 . During the same period, soybean acreage managed with conservation tillage rose from 27.0% to 48.6% of the total acreage planted to soybean. No-till soybean acreage increased five-fold, rising from 5.5% to 27.0% ofthe total acreage under soybean (CTIC, 1995) . In Iowa, increase in conservation tillage followed the national trend as well. In 1994, close to 4.5 million acres were managed with notill, compared to just under 1 million in 1991 (NRCS, 1995) . After the implementation of the USDA Crop Residue Management Action Plan in January 1995, the trend is expected to continue.
Many plant pathogens are dependent on crop residues for survival in the absence of the host. Residues left on the soil surface are less exposed to decomposition by microorganisms than those that are buried, thus increasing the survival chances of the pathogens. In addition, surface residues influence the soil physical environment. Soil under residues generally has higher moisture and lower temperature than bare soil (Belvins et al., 1971; Tollner et al., 1984) . Phytophthora root and stem rot of soybean is caused by the soil-borne fungus Phytophthora sojae. The disease can cause significant yield losses during favorable weather conditions. Early infection may result in complete loss of stand from damping off. During its life cycle, the fungus produces three types of spores -sporangia, zoospores and oospores -each capable of infecting soybean upon germination. The fungus survives as oospore in soil and in root and stem debris in the absence of the host.
Effect of Tillage Practices on Population Densities of P. sojae
To assess the effects oftillage practices on population densities of P. sojae, soil samples were collected from 102 randomly selected soybean fields in Iowa in the fall of 1994. The selected fields consisted of27, 29 and 46 no-till, minimum-till and conventional-till fields, respectively ( Fig. 1 ). The soil was assayed for the presence of the pathogen with a leaf-disc-bioassay method in a growth chamber. P. sojae was detected in 80.4% of the fields. A higher percentage of samples from no-till fields had P. sojae in high incidence class than samples from conventionaltill fields (Fig. 2 ). Population densities of P. sojae were significantly greater in samples from notill and minimum-till fields than those from conventional-till fields.
No-till farming practices leave residues on the soil surface, as opposed to conventional-till which incorporates into the soil. We investigated the vertical distribution of the pathogen on 4 adjacent no-till and conventional-till fields (2 no-till and 2 conventional-till fields) at Nashua. The fields had 17 years of respective tillage history. From each field, samples were collected from 0 to 30 em depth in increments of 5 em (50 soil cores per increment) in an "X"-pattern, and cores of the same depth were bulked. Each composite sample was thoroughly mixed and divided into two. Population densities of P. sojae were determined from half of each sample as described above. Residues were extracted from the other half of the soil sample with a semi-automatic soil elutraitor and were dried and weighed. In samples from no-till fields, population densities of the pathogen generally decreased with increasing depth and correlated significantly with residue dry weight (Fig. 3) . However, in samples from conventional-till fields, population densities of the pathogen were maximum at 15-20 em depth. Population densities ofthe pathogen were significantly greater in samples from no-till fields than in samples from conventional-till fields at 0-15 em depth. However, there was no significant difference between the two tillage systems at depths greater than 15 em.
Implications for Phytophthora Root and Stem Root
The association of higher population densities of the pathogen with no-till than with conventional-till fields indicates that the pathogen survives better in no-till. Consequently, the potential for disease is likely greater in fields managed with no-till than in fields managed with conventional-till. Results of the vertical-distribution experiment further revealed that the densities of the pathogen followed the vertical placements of soybean residues. It substantiates what has already been known, that the pathogen survives in root and stem debris in absence of soybean plants. The existence of the pathogen in residues near the soil surface in greater densities in no-till fields may imply greater risk of damping off.
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. e-··· .. . ' . . . Depth (em) Fig. 3 . Vertical distribution of P. sojae propagules in relation to residue distribution in a no-till field at Nashua.
P. sojae belongs to the oomycete class of fungi otherwise known as water molds. The growth, multiplication and competitive ability of fungi in this class largely depend on water status of their habitat. These fungi have a competitive advantage in habitats that support prolonged wet conditions. Wet conditions, therefore, enhance diseases caused by this group of pathogens and to the effect, most severe cases of diseases occur in compacted and poorly drained soils (Duniway, 1983) .
There is a general consensus among researchers that no-till fields are more compacted than conventional-till fields of similar soil type (Hammel, 1989; Lindstrom and Onstad, 1984) . That means no-till soils have greater bulk density, less porosity and, hence, poor drainage-a situation that favors phytophthora root rot development. However, some studies have shown that differences in soil physical properties caused by tillage practices are temporary rather than permanent, the largest difference being immediately after tillage (Mapa et al., 1986; Dick et al., 1989) . During tillage operations, surface crusts are loosened and dense soil layers are disrupted. Conventional-till fields, therefore, exhibit greater porosity than no-till fields earlier rather than later in the season. This scenario alone may be a significant factor to make a difference between no-till and conventional-till fields in magnitude of damping of caused by Phytophthora early in the season.
The other scenario which is worth mentioning here is that fields with long term history of no-till have a greater infiltration rate than conventional-till fields (Logsdon et al, 1990; Drees et al. , 1994 ) . This is because of the abundance of a network of macropores such as dead root channels and earthworm and insect burrows that remained undisturbed for years. A question that often arises is that whether Phytophthora root rot may no longer be a problem in such fields . At present, information that addresses this question is lacking. However, macropores can remain water filled for an extended period oftime after a prolonged rain. Phytophthora spp. are known to produce sporangia and zoospores within hours of contact with water. Unlike propagules of many other soil-borne pathogens, zoospores move (swim) in soil towards their targets at or near soil saturation (Duniway, 1983 ). What is not known then is whether these macropores also serve as channels for the movement of zoospores in soil and facilitate the subsequent spread of the disease. Further investigations are required in this regard.
Concluding Remarks
No-till fields had higher population densities of P. sojae than conventional-till fields and the densities correlated well with residue weight. The greater population densities do not necessarily mean greater diseases in no-till fields. The environmental conditions described above have to exist for diseases development. However, when such conditions occur, no-till fields with a history ofPhytophthora root rot have a greater disease potential than conventional-till fields with similar disease history.
For diseases caused by Phytophthora spp., water management is the most recommended control practice next to the use resistant varieties. In rain-fed agriculture, water management may only be achieved by avoiding excessive soil compaction. Most soil compaction, whether in no-till or conventional-till, is generated by wheel traffic (Ankeny et al. , 1990) . Ristricted wheel traffic, therefore, can substantially reduce the risk imposed by such tillage practices by reducing soil compaction and prolonged wetness. The other control practice often used is metalaxyl seed treatment, which can be effective in protecting young seedlings from damping off.
